basis of sponges and corals, was confirmed with conodonts extracted from the surrounding bedded limestone (Flügel and Ramovš 1970; Buser and Krivic 1979; Kolar-Jurkovšek 1982; Buser et al. 2008) . Although Kossmat (1913) , by noting the similarity of the Cerkno limestone blocks with the "Cipit Limestone" from the Dolomites area, indirectly suggested these are carbonate olistoliths deposited within basinal clastics, later interpretations indicated in situ formed reefs (Čar et al. 1981; Buser et al. 1982; Turnšek et al. 1982 Turnšek et al. , 1984 . The latter interpretation is still considered to be valid (Flügel 2002) .
The aim of this research is to re-investigate the limestone blocks that crop out within the clastics in the vicinity of the villages of Zakojca and Jesenica, north of Cerkno (Fig. 1) . A detailed geological map was produced to improve the structural interpretation of the area and to show the spatial distribution of the limestone blocks. The results of facies and microfacies analyses are presented, focusing on the composition and diagenesis of the blocks. In contrast to most of the previous studies, an allochthonous origin is concluded.
Geological setting
The study area is located in north-western Slovenia near Cerkno, between Orehek, Jesenica and Zakojca villages. This area was previously mapped by Lipold (1857) ; Kossmat (1910) ; Fabiani et al. (1937) and Buser (1986a, b) . The area structurally belongs to the Tolmin Nappe (Fig. 2) , a subunit of the eastern Southern Alps (Placer 1999) . The studied lithostratigraphic unit paleogeographically belongs to the Slovenian Basin, a deep-marine sedimentary basin that formed during the Late Anisian and Ladinian (Buser 1989 (Buser , 1996 Šmuc and Čar 2002) . Tectonic subsidence at the time was accompanied by volcanic activity, resulting in intercalations of volcanic and volcaniclastic rocks within black shale and lithic sandstone (Buser 1986a (Buser , 1989 . The notable presence of the latter led Buser to distinguish is marked by a rectangle (white arrowhead). Modified after Vrabec and Fodor (2006) Page 3 of 15 23 Fig. 3 Geological map of the study area. a The 1:5000 map of the study area (this work); only stratigraphic levels with isolated limestone blocks are shown. b Geological map of the wider area (Modified after Buser et al. 1982; Buser 1986b) Pseudozilian (Pseudogailtal) beds from younger (presumably Carnian) Amphiclina beds Buser 1986a) . The Amphiclina beds sensu Buser (1986a) reach a thickness of approximately 450 m. In the upper part, they comprise intercalating black shale and bedded micritic limestone of Tuvalian age (Flügel and Ramovš 1970; Buser and Krivic 1979; Kolar-Jurkovšek 1982; Buser et al. 2008) , which gradually passes into Norian-Rhaetian bedded dolomite with chert (Bača dolomite; Kossmat 1914; Buser 1986a; Gale 2010). The thick succession of clastics in the Slovenian Basin is reflected in equally thick dolomitized platform carbonates (Šmuc and Čar 2002; Čar 2010) . The relationship between the basin and the platform, however, is not preserved, as the two successions are in fault contact. It should be noted that some authors (e.g., Čar et al. 1981; Šmuc and Čar 2002) prefer to use the name Amphiclina beds only for the upper, carbonate-rich part of the Amphiclina beds sensu Buser (1986a) . The definition by Buser (1986a) is followed herein.
Methods
Detailed geological mapping was performed at the scale of 1:5000 (Fig. 3) to show the spatial and stratigraphic distribution of limestone blocks. The petrological description of blocks was based on 102 thin-sections of sizes 47 × 28 and 75 × 49 mm from 73 samples. Carbonates were classified after Dunham (1962) ; Embry and Klovan (1971) and Insalaco (1998) . The terminology regarding microbialites followed that of Shapiro (2000) and Riding (2000 Riding ( , 2011 . The proportion of individual components was determined by counting 300 points in selected thin-sections or scans in a random grid using JMicroVision v1.2.7 software (Copyright 2002 -2008 . Cathodoluminescence (CL) microscopy was performed on 20 thin-sections. The CL equipment used was a cold-cathode CL8200MK5 (Technosyn, Cambridge). Beam conditions were of 15 kV at 500-600 mA with an unfocused beam of approximately 1 cm. The observation chamber had a residual pressure of 0.01 kPa (80 mTorr). Neither filters nor standards were used for image calibration.
Distribution and composition of blocks
In the mapped area (Fig. 3) , Amphiclina beds comprise black shale and siltstone, alternating with lithic sandstone; subordinate thin-bedded micritic limestone, and mud-supported coarse-grained to boulder breccia. The clastics have been thoroughly described in Čar et al. (1981) and Skaberne and Čar (1986) . Dark grey laminated shale predominates; it is composed of quartz, feldspar, muscovite, illite, chlorite, and calcite. Subordinate laminae and thin beds of siltstone of the same composition occur, as well as sandstone and dark grey micritic limestone. Sandstone may be cross-laminated, in places ripple-marked. It may also fill shallow and wide erosional channels incised into shale. Grains are poly-and monocrystalline quartz, feldspar, and lithic fragments of granitic and extrusive rocks, sandstone, shale, and tuff. The grains occur within a quartz-chloritesericite epimatrix, with some quartz cement (Skaberne and Čar 1986) . Limestone locally contains radiolaria and thinshelled bivalves (Čar et al. 1981) .
Embedded in shale are large limestone blocks up to 80 m high, concentrated at a few stratigraphic levels, forming units of variable thickness. Limestone blocks are massive or crudely laminated. Based on the orientation of corals and/or internal layering, large blocks mostly lie concordantly or slightly oblique to the over-or underlying clastics. Between large limestone blocks, numerous smaller clasts and blocks of limestone are present, ranging from a few centimeters to a few meters in size; most of these are randomly oriented. A few blocks of limestone are partly covered by a crust of chert up to 10 cm thick. Field descriptions of blocks investigated in detail (Figs. 4, 5, 6, 7) are given in Table 1 . Nine microfacies (MF) types of limestone were determined (Table 2) .
Massive limestone is dominated by sponge-microbialite boundstone and subordinately by coral pillarstone. Both types may be also present in crudely bedded limestone. In the sponge-microbialite boundstone (MF 1) (Fig. 8a,  b) , microbialites (stromatolites and subordinate peloidal leiolite), fixo-sessile calcareous sponges, foraminifera and serpulids encrust large bioclasts. Recrystallized peloidintraclastic wacke-to packstone matrix fills the remaining space. Among subordinate grains are also geniculi of dasycladaceans. Coral pillarstone (MF 2) comprises phaceloid coral colonies. The space between and around corallites is filled with peloid wackestone (MF 3, Fig. 8c ), with minor amounts of intraclasts and bioclasts. Microproblematica boundstone (MF 4) is also found in massive limestone. An unsegmented, branched tube-like microproblematicum with a continuous internal cavity (?Cladogirvanella sp.) forms a framework (Fig. 8d, e) . The intra-framework cavities are mostly surrounded by bladed spar and filled by crystal silt and drusy mosaic calcite cement.
Massive limestone may gradually pass laterally into brecciated limestone (intraclast floatstone-rudstone) or crudely bedded limestone. Clasts in intraclast floatstone-rudstone (MF 5) are angular and in point contacts (Fig. 8f) . They correspond in texture to other MF types recorded in the limestone blocks. Some clasts are encrusted by microbialite, calcimicrobes, and foraminifera. The laminae of these, however, are truncated at the clasts' edges. The crudely bedded limestone comprises sponge-microbialite boundstone and coral pillarstone, as well as moderately sorted peloid packstone (MF 6; Fig. 8g ) and oncoid floatstone-rudstone (MF 7; Fig. 8h ), flanking the massive limestone. Blocks of massive-looking, slightly brecciated limestone, up to 1 m across, were locally found embedded within the packstone. In one of the exposures, a 4-m-thick internal layer of breccia contains up to 2-m-sized blocks of limestone, suspended in a dolomitized matrix. In addition to dark mudstone/ wackestone, micritic limestone with birdseye fenestrae was found among clasts ( Fig. 9a) . A few meters higher in the same exposure, platy cross-bedded intraclast-cortoid packstone (MF 8) overlaps and interfingers with the crudely bedded limestone. Parallel laminae and inverse grading are observed within some of these beds. The clasts within the packstone are rounded to very well rounded (Fig. 9b, c) . The majority of them belong to various intraclasts, but cortoids are significant (25 % of grains) and Aulotortus friedli (Kristan-Tollmann) is common among the foraminifera. Bioclasts are usually fragmented and abraded. Thin ooid cortices are rarely present, except in one sample. Some of these cortices are broken-off or collapsed towards the grain interior (Fig. 9c) . Similar in macroscopic appearance is poorly sorted peloid packstone (MF 9), which is found laterally restricted by sponge-microbialite boundstone. In contrast to the previous MF type, however, peloids (most are probably microbialite intraclasts) strongly predominate among grains, and no cortoids are present (Fig. 9d) . Inverse grading and slightly undulating internal laminae of smaller grains as well as a larger amount of micritic matrix are recognized. The undulating internal laminae are in places broken and slightly offset, with truncated grains at the contact with the overlying packstone lamina. 
Diagenesis
Intragranular spaces, such as the interiors of sphinctozoan sponges, are rimmed with dull orange-brown luminescent fibrous calcite, followed by weakly luminescent banded brown and orange dog-tooth calcite. The remaining space is filled with yellow to orange luminescent coarse mosaic cement (Fig. 10a-c) . Originally aragonitic skeletons are replaced by a bright orange luminescent drusy mosaic spar (Fig. 10d, f) . A few well-developed albite crystals with small inclusions of carbonate are usually present (Fig. 10g) , especially in microbialite. Pyrite is also present locally. Some bioclasts are partly substituted by megaquartz or albite (Fig. 10h, i) . Syntaxial cement surrounds the echinoderm plates. Especially the micritic matrix but also some clasts were later corroded, and the space filled with patchy rims of bladed spar, followed by brown (limonitized?) carbonate with a bright yellow luminescence, indicating a high Mn/Fe ratio (ankerite?) or, rarely, dolomite ( Fig. 10j-o) . In some dissolution cavities, crusts of non-or dully luminescent radiaxial-fibrous sparite predate the brown carbonate ( Fig. 10p-s) . Crusts of radiaxial-fibrous sparite are partly broken-off, and the tips of the crystals damaged (Fig. 10s) . The latest phase of dissolution is represented by a clear blocky spar (Fig. 11 ). Wide banding with orange luminescent and non-luminescent layers is visible under cathodoluminescence. Brown (limonitized?) carbonate (ankerite?) and a clear blocky spar may substitute for up to 90 % of the micritic matrix, thus making observations of the original texture difficult.
Nature of limestone blocks
Two contrasting interpretations have been put forward for the origin of the limestone blocks within the Amphiclina beds. On the one hand, Kossmat (1913) noted their similarity with the Cipit boulders from the Dolomites region (central Southern Alps), i.e., gravity-displaced carbonate olistoliths originating from the platform top, margin or upper slope and embedded in sediments of the adjacent basin (Biddle 1981; Russo et al. 1997; Tosti et al. 2011) . Cipit boulders are found within the upper Ladinian Wengen Formation, consisting of volcaniclastic turbidite deposits, black sandstone and shale (Trombetta 2011) , as well as in the lower Carnian shale, marlstone, marly limestone, tuffite mudstone, and volcaniclastic sandstone of the San Cassiano Formation (Wendt 1982; Trombetta 2011) . According to Brandner and Keim (2011) , the size of the Cipit boulders increases downslope and only isolated mega-blocks can be found at the toe-of-slope.
Cipit boulders from the San Cassiano Formation mostly consist of microbialite boundstone; less commonly bioclast or peloid wackestone and packstone, coral boundstone, limestone breccia and rare bioclast grainstone (Biddle 1981) . Compared to the Cerkno reefs, early botryoidal fibrous, isopachous bladed, and radiaxial-fibrous calcite cements seem to be more abundant, as they represent 20-25 % of the rock volume (Biddle 1981; Russo et al. 1997; Russo 2005; Tosti et al. 2011) . Whereas the Cipit boulders retained their original fabric due to the protecting envelope of the clastics, the main platform underwent dolomitization. Similar to Cipit boulders are some small in situ reefs located within the detrital limestone and micritic limestone intercalated with oolitic and oncoidal limestone from the uppermost San Cassiano Formation, when the basin reached a depth of a few tens of meters (Wendt and Für-sichs 1980; Wendt 1982; Russo et al. 1991) . On the other hand, Čar et al. (1981) suggested an in situ origin for the Cerkno limestone blocks. Small patch reefs were presumably preserved in toto, buried within clastics between the shoreline and shelf-edge. The original elevation above the seafloor was considered to be relatively low due to the constant accumulation of clastics at the flanks of the buildups. The following data show that the Cipit boulder hypothesis is more likely, although for some blocks, an in situ origin cannot be completely dismissed: (1) Limestone blocks are concentrated in a few units of laterally variable thickness.
(2) Blocks strongly vary in size, and most are randomly oriented. (3) The calcimicrobes, solenoporaceans, and rare dasyclad algae are indicators of the photic zone (Flügel 2004) , and (even though their Carnian distribution is less well known) foraminifera of the genus Aulotortus characterize the platform top in the Norian-Rhaetian (Piller 1978; Sadati 1981) . In contrast, the large thickness of Pseudozilian and Amphiclina beds suggests a basin a few hundred meters deep. Flügel and Ramovš (1970) also concluded that the uppermost part of the Amphiclina beds (limestone intercalated with shale) was deposited beneath the photic zone in a deep basin. In view of the uncertainty regarding the ecology of fossil scleractinian corals (see Stanley and Swart 1995; Stanley and van de Schootbrugge 2009) and microproblematica (Riding and Guo 1992) , these cannot be used as paleodepth indicators. (4) The within-block packstones and the surrounding clastics differ markedly in composition. Cortoids and ooids, as well as the abovementioned biota which are indicative of shallow water, were never reported from the Amphiclina beds outside of the described boulders. The final proof for the allochthonous origin of the limestone blocks would be evidence of early exposure to vadose conditions. The collapsed ooids in poorly sorted intraclast-cortoid packstone, filled with a micritic matrix, indicate that compaction was simultaneous with or predated by the dissolution of some ooid nuclei, suggesting an influence of meteoric diagenesis. This interpretation, however, is not supported by cements. Circumgranular fibrous calcite may form under vadose or marine-phreatic conditions (Flügel 2004) . Its dull orange-brown luminescence suggests less-oxygenated pore-water (Scholle and Ulmer-Scholle 2003) , and marine-phreatic conditions are thus more likely. Weakly luminescent banded brown and orange dog-tooth calcite and yellow to orange luminescent coarse mosaic cement filling the primary pore space are also interpreted as early marine-phreatic cements, and radiaxial-fibrous calcite may also grow under marine-phreatic or burial conditions (Flügel 2004) . The lack of vadose diagenesis, however, does not exclude the possibility of the allochthonous origin of the limestone blocks. According to Brandner and Keim (2011) , none of the Cipit boulders deposited in distal parts of the San Cassiano Formation display the effects of dissolution or vadose cements; hence they suggested that the main reason for gravity displacement was likely the different rheological characteristics of the slope sediments and not the emergence of the platform. Rigid limestone blocks could slide into the basin along discrete slide-planes. Moreover, Russo et al. (1991) reported similar diagenetic successions from erratic blocks from Alpe di Specie (Northeastern Dolomites, Italy).
Origin
As the platform-to-basin transition is largely destroyed as a result of Cenozoic thrusting and faulting (see Vrabec and Fodor 2006) , the origin of the presumed Cipit boulders can only be deduced from their faunal composition and microfacies. Sponge-microbialite boundstone is a common facies of Early Carnian carbonate platforms (e.g., Biddle 1981; Flügel 2002; Russo 2005; Peybernes et al. 2015) . In situ facies are known from the upper slope and outer platform margin (Boni et al. 1994; Russo et al. 1997; Trombetta 2011) , as well as from the uppermost, shallow-water part of the San Cassiano Formation (Wendt 1982) . As a result of the prevalence of marine-phreatic conditions, an upper slope or outer platform margin place of growth is assumed. In close association with sponge and microbial binders, small coral buildups formed. The flanks of the buildups were covered by moderately sorted peloid packstone and oncoid floatstone-rudstone. Agitated water is required for formation of the latter. The thin-bedded, cross-stratified intraclast-cortoid packstone and poorly sorted peloid packstone are interpreted as channel fills. In the case of the former, cortoids, superficial ooids and perhaps Aulotortus foraminifera, might be derived from a more proximal part of the platform and might have been size-sorted prior to their final deposition. Fig. 10c ). g Albite crystals (arrowhead). Note their regular shape and twinning. ThinSection 500c. Crossed polars. h Silicification (albitization?). Thin Section 471. i Same view under crossed polars. j Corroding brown (limonitized?) carbonate. Note the truncation of the corroded matrix and clasts of the host rock (arrowheads). Thin-Section 487. k Corrosion, followed by crystallization of bladed calcite (4), succeeded by brown (limonitized?) carbonate (5) and clear blocky spar (6). ThinSection 484c. Crossed polars. l: Corrosion by brown (limonitized?) carbonate (5) and later clear blocky spar (6). Note foraminifera Reophax (arrowhead) and recrystallized micritic matrix (M). ThinSection 487. m Partial dolomitization (arrowhead) of micritic matrix. Thin-Section 494. n Brown (limonitized?) carbonate (5). ThinSection 501a. o Same view under CL. p-r Large dissolution cavities, filled with radiaxial-fibrous calcite (R) and clear blocky spar (B). Note the broken-off piece of the cavity wall (arrowhead), followed by crystallization of blocky spar. Thin-Section 570. s Radiaxial-fibrous calcite (R) with broken-off tips. The space was subsequently filled with crystal silt and euhedral brown carbonate (arrowhead) Small-scale debris flows, occurring on the upper slope or on the outer platform margin prior to sliding towards the basin, are also evident as rare internal layers (i.e., beds within the present-day limestone blocks) containing clasts of shallowwater limestone with birdseye fenestrae.
The presently observed wide size range and angularity of blocks, their random distribution in a fine-grained matrix, and the intrabasinal origin of blocks are consistent with en masse gravitational movements ("type 1" mélanges in Festa et al. 2010) . Their undisrupted internal structure and mostly concordant position suggest that the largest blocks slid into the basin along discrete planes. Smaller pieces of the platform were either transported in a mixture of soft sediment as a debris avalanche and flow and/or represent torn-off pieces of large mega-blocks.
Conclusions
Large isolated limestone blocks found within Lower Carnian siliciclastics in the vicinity of Cerkno were previously interpreted as in situ or in toto preserved sponge-microbial buildups located between the shoreline and the shelf-edge of the Slovenian Basin (Čar et al. 1981) . The limestone blocks of various sizes occur in several units at different stratigraphic levels and are in random orientation. In view of the poor sorting, the chaotic structure and the lateral changes in thickness, these levels probably represent mass-transport deposits, and the limestone blocks are carbonate olistoliths (Cipit boulders) that slid into the Slovenian Basin. Predominantly sponge-microbialite buildups were originally situated on the uppermost slope or the outer margin of the adjacent platform. Flanks of the buildups locally interfingered with cross-stratified packstone with cortoids and superficial ooids, rarely with debris flow breccias, carrying a peritidal-shallow subtidal limestone and clasts of the adjacent buildups.
